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(54) TWO-DIMENSIONAL ENCODING METHOD FOR HOLOGRAM RECORDING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove a signal 
read error due to unevenness and to minimize the 
erasure of a page which is already recorded at 
multiple recording time by grouping a specific number 
or its multiple number of adjacent pixels of a two- 
dimensional spatial optical modulator in one, and 
transmitting light at a specific rate of the number of 
pixels of respective groups and cutting off the light at 
other rates. 

SOLUTION: Four or a multiple-of-four number of 
adjacent pixels of the two-dimensional spatial optical 
modulator are grouped in one; and a quarter of pixels 
constituting each group transmits light and 3/4 of 
them cut off the light. Consequently, when 

unevenness in a page is rougher than the minimum pattern of pixels, the unevenness in 
the page does not cause no trouble to find out the maximum diffracted light intensity 
among the four parts and signal read errors due to the unevenness in the page and 
unevenness between pages can be removed. A device which executes this method 
consists of shutters 2 and 5, half-wavelength plates 3 and 13, a polarization beam splitter 
4, mirrors 6, 15, 16, etc. 
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* NOTICES * 

iTPO and NCXPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the two-dimensional coding approach for hologram record which the pixel of the 
multiple of four pieces which a 2-dimensional space optical modulator adjoins, or 4 is made into a 
lot in the two-dimensional coding approach for hologram record of determining the information 
which records at least one light wave by passing a 2-dimensional space optical modulator, and the 
quadrant of the number of pixels which constitutes each class penetrates light, and is characterized 
by the 3/4 interrupting light. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention can be set on the holography technique which two or more 
coherent light waves are made to interfere, and is recorded. In case the transmission modulation 
pattern of a 2-dimensional space optical modulator is recorded as information which records the 
interference fringe of light especially about the real-time holography technique recorded into a 
record medium, by the approach of changing and recording digital data on an image efficiently It 
applies to the volume multiplex holography technique using the photorefractive crystal as a record 
medium, and is related with an effective technique. 
[0002] 

[Description of the Prior Art] Using the light sources, such as laser, the scattered light (body light or 
signal light) by the body and the non-scattered light (a reference beam or pump light) from the same 
light source are made to interfere, and the interference draft is recorded on storages, such as a 
photographic plate in which optical recording is possible, and only a reference beam is irradiated at 
the recorded interference draft at the time of playback, and the technique reproducing the scattered 
light by the body is called holography. Here, the depth of a storage is able to record two or more 
holograms in the same medium, when sufficiently long compared with the wavelength of record 
light. This technique is called volume multiplex holography. Since a refractive index is changed by 
irradiating light, a certain kind of dielectric called a photorefractive ingredient is used as a record 
medium for volume multiplex holography. 

[0003] On the other hand, it is carried out by giving intensity distribution or phase distribution to 
body light by passing 2-dimensional space optical modulators, such as a liquid crystal panel, for 
body light in record of digital information. It is condensed using a lens and the body light after 2- 
dimensional space optical modulator passage is irradiated by the record medium. 
[0004] Although roughly divided into a real-image record type and the fourier image record type by 
arrangement of a 2-dimensional space optical modulator, a lens, and a record medium at this time, it 
is thought that the fourier image record type has a blemish in a record medium and the high tolerance 
over a location gap of an optical exposure, and fits the memory system. 

[0005] make it a real-image record type — the fourier image record type — an imitation — a reference 
beam is irradiated [ informational playback ] at a record medium, it must be made for the diffracted 
light to have to go into 2-dimensional photodetectors, such as CCD (charge-coupled device), and 
image formation of the real image of the pattern of the 2-dimensional space optical modulator at the 
time of record is carried out on a photodetector. 
[0006] 

[Problem(s) to be Solved by the Invention] this invention person found out the following troubles, as 
a result of examining said Prior art. 

[0007] According to the defect of a record medium or optical system, the diffraction nonuniformity 
(nonuniformity in a page) on the strength within a diffraction figure and the diffraction-efficiency 
nonuniformity (nonuniformity between pages) between each hologram at the time of multiplex 
hologram record may exist. That is, when slice level was set as a certain diffracted-light level on the 
strength and "0" and "1 " were determined by whether diffracted-light reinforcement is stronger than 
it, there was a problem of misreading a signal by the nonuniformity in a page and the nonuniformity 
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between pages. 

[0008] since it is unreal, always expecting perfection to an actual memory system on the other hand 
does not misread a signal, even if there is the aforementioned nonuniformity — as — difference — the 
approach of coding is advocated (John F.Heanue, Matthew C.Bashaw, Lambertus 
HesselinkiSCIENCE Vol.265 p.746 (1994)). This is an approach which subtracts the diffracted-light 
reinforcement of an adjacent pixel, matches with "1" if a result is minus and it is "0" and plus, and 
expresses 1 bit by 2 pixels. Naturally, the pattern of the 2-dimensional space optical modulator at the 
time of record turns into a pattern as served as combination of the group of (transparency, 
nontransparent), and (nontransparent and transparency), for example, shown in drawing 6 . 
[0009] (a) of drawing 6 shows the smallest unit of a bit, and considers "transparency" and a black 
omission pixel (part which gave the slash of drawing 6 ) as "nontransparent" for a void pixel. By the 
pixel located in a line up and down, the time of a top being "nontransparent" and the bottom being 
"transparency" is set to "0", and it is referred to as "1 " at the time of a reverse list, since the light 
income of the pixel on CCD of the location corresponding to each pixel of a 2-dimensional space 
optical modulator is subtracted between up-and-down pixels and "0" and "1" are actually determined 
by the positive/negative, when processing an image by electric eyes, such as CCD (charge-coupled 
device), — difference — a code is called, the time of (c) having put the pixel of these vertical pair in 
order, and being what encoded the bit string shown by (b), going to the right from upper left 
direction, and arriving at a right end — a left end ~ moving — the bottom of one step (2 pixels) — 
**** ft constitutes from a method which goes to the right again. 

[0010] And in order to reproduce the recorded hologram faithfully, the reinforcement of the 
reference beam at the time of record must be [ whether it is equal to body light reinforcement with 
spatial distribution, and ] more than it. Moreover, in a volume multiplex hologram, since a ** (N-l) 
page is erased little by little from the 1 st recorded on recording the Nth page before it, it is necessary 
to lessen the quantity of light as much as possible. Therefore, since optical reinforcement has 
strongest DC component (a part for the core of the fourier image) of the pattern of a 2-dimensional 
space optical modulator, it is usually necessary to double reference beam reinforcement with the 
strength for a core of the fourier image of body light in FURIE image record type holography. 
[001 1] The purpose of this invention is in the volume multiplex hologram in which the 
nonuniformity in a page mentioned above and the nonuniformity between pages exist to offer the 
technique which the signal reading error by nonuniformity is removed, and can suppress elimination 
of the recorded page at the time of multiplex record to the minimum. 

[0012] As new along [ said ] this invention a description as the other purposes is clarified by 

description and the accompanying drawing of this specification. 

[0013] 

[Means for Solving the Problem] It is as follows when the outline of a typical thing is briefly 
explained among invention indicated in this application. 

[0014] In the two-dimensional coding approach for hologram record of determining the information 
which records at least one light wave by passing a 2-dimensional space optical modulator, the pixel 
of the multiple of four pieces which a 2-dimensional space optical modulator adjoins, or 4 is made 
into a lot, the quadrant of the number of pixels which constitutes each class penetrates light, and the 
3/4 interrupts light. 

[0015] As the minimum pattern of the pixel of the 2-dimensional space optical modulator by this 
invention is shown in (a) of drawing 1 , it consists of four parts, among those only only one part 
penetrates light, and other three parts cover light. Those with four kind, i.e., the minimum pattern, 
are equivalent to 2 bits for a division the case of which part penetrates light. Not each part 
necessarily needs to be one pixel of a space optical modulator, and may be the set of two or more 
pixels. Although 2 bits is expressed by which part penetrates light, the bit string in drawing 1 is a 
single tier, and other 2-bit expressions are possible for it. In drawing 1 , "transparency" and a black 
omission pixel (part which gave the slash of drawing 1 ) are considered for the void pixel as 
"nontransparent." 

[0016] On a 2-dimensional space optical modulator, arrangement of drawing 1 as shown in (c) is 
taken, for example to record the bit string of drawing 1 as shown in (b). the time of reading and 
going to the right from upper left direction, and arriving at a right end — a left end — moving — the 
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bottom of one step (2 pixels) — **** — it reads and goes to the right again. The light which 
penetrated the 2 -dimensional space optical modulator is condensed with a lens, with a reference 
beam, an interference fringe is built in a record medium and it is recorded. 

[0017] According to said means, when it is rough (spatial frequency is small), the nonuniformity in a 
page does not serve as a failure finding out the maximum diffracted-light reinforcement in four parts, 
but the signal reading error by the nonuniformity in a page and the nonuniformity between pages can 
be removed from the minimum pattern whose nonuniformity in a page is a pixel, this — difference — 
it is the same as the code method, moreover, information density called the capacity of 2 bits in four 
parts — difference — it is the same as the code method (it is 1 bit in two parts). 
[0018] the quantity of light penetrated on the other hand — difference — the reinforcement of DC 
component of the pattern of a 2-dimensional space modulator since it is the one half of the code 
method — difference — it becomes half [ of the code method ], therefore reference beam 
reinforcement holds down to one half — having — elimination of the recorded page at the time of 
multiplex record — difference ~ it can hold down to the one half of the code method. 
[0019] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail with reference to a 
drawing with the operation gestalt (example). 

[0020] Drawing 2 is the mimetic diagram showing the outline configuration of the operation gestalt 
(example) of the equipment which enforces the two-dimensional coding approach for hologram 
record of this invention. In drawing 2 , 1 is light, for example, uses light with a wavelength [ of an 
Ar ion laser ] of 514.5nm. 2 and 5 — a shutter, and 3 and 13 — a half-wave plate and 4 — a 
polarization beam splitter, and 6,15 and 1 6 — a mirror and 7 — a beam expander and 8 — a liquid 
crystal panel and 9 — the lens of a focal distance f, and 1 0 — a record medium and 1 1 — for a 
polarizer and 17, as for body light and 20, a reference beam and 18 are [ CCD, and 14 and 19 / the 
lens of focal distance f , and 12 / a migration stage and 21 ] rotation stages. 

[0021] The operation equipment of the two-dimensional coding approach for hologram record of this 
operation gestalt (example) performs include-angle multiplex record, changing the direction of 
incidence of a reference beam 1 7 using the light 1 with a wavelength [ of an Ar ion laser ] of 
514.5nm using the strontium barium niobic acid which is a photorefractive ingredient as a record 
medium 10, as shown in drawing 1 . 

[0022] The body light 18 is condensed by the record medium 10 with the convex lens 9 with a focal 
distance of 300mm after passing the liquid crystal panel 8 whose magnitude of 1 pixel is 
312micrometerx312micrometer. Here, the distance of a liquid crystal panel 8 and a convex lens 9 
also sets distance of 300mm, a convex lens 9, and a record medium 1 0 to 300mm. With the lens 1 1 
with a focal distance of 30mm, on CCD12, a record medium 10 and the light which passed serve as a 
real image of the pattern of a liquid crystal panel, and image formation is carried out. Moreover, the 
distance of a record medium 1 0 and a convex lens 1 1 also sets distance of 30mm, a convex lens 1 1 , 
and CCD 12 to 30mm. 

[0023] The image formation pattern on said CCD 12 has 1/10 of magnitude of the pattern of the 
actual liquid crystal panel 8. In addition, in order to amend the rotatory polarization of the light by 
the liquid crystal panel 8, a polarizer 19 is inserted in the optical path of body light, and the 
oscillating direction of the electric field of light is arranged in space in drawing 2 . 
[0024] On the other hand, the reference beam 17 has taken the configuration which can adjust 
reinforcement with the half-wave plate 13, although the oscillating direction of the electric field of 
the light is arranged in space with the polarizer 14. Moreover, with the combination of the migration 
stage 20 and the rotation stage 21, after making it reflect by two mirrors 15 and 16, the incidence 
location was not changed to a record medium 10, but the configuration which can change only 
whenever [ incident angle ] is taken. 

[0025] In addition, half-wave plates 3 and 13 are what was used in order to make the intensity ratio 
of body light and a reference beam change, were combined with a half-wave plate 3, a polarization 
beam splitter 4 and a half-wave plate 13, and the combination of a polarizer 14, and have taken the 
large allowances of modification of a reference beam on the strength. The beam diameter of a 
reference beam is about 1.5mm. 

[0026] The beam expander 7 generates a collimated beam with a diameter of 100mm, and leads body 
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light to a liquid crystal panel 8. In the irradiated field, two-dimensional coding is performed using 
200x200 pixels of the square of about 62.4mm around. 200x200 pixels is made into the smallest unit 
which consists of 2x2 pixels, and it divides into 100x100, and is made to correspond to 20000 bits in 
all. Each pixel of a liquid crystal panel 8 is about 0.1% in the state of about 1% and "nontransparent" 
in the state of "transparency", and about 80% penetrates a polarizer 19. 

[0027] After all, 0.2% of the light from the beam expander 7 is irradiated by the record medium 10. 
When the total quantity of light of this body light is 10 microwatts, reference beam reinforcement is 
about 50 microwatts, and a record hologram is faithfully reproduced in chart-lasting-time 1 second. 
Although a count top becomes that 2W (equivalent to 3.5W)Anm G f reference beam reinforcement of 
2 is the need in a focal location, since the record medium 1 0 has depth, it turns out that it is not 
necessary to necessarily unite reference beam reinforcement with the maximum of the intensity 
distribution of a focal location, however, the same record — difference in order to carry out in 
code, the total quantity of light of body light is required for chart-lasting-time 2 seconds at 10 
microwatts and 50 microwatts of reference beams, and it turns out that the total optical exposure was 
reduced by half by this invention. 

[0028] Drawing 3 is the flow chart showing the record and regeneration by the coding approach of 
this operation gestalt (example), and drawing 4 and drawing 5 are the flow charts showing the record 
and regeneration by the coding approach of two kinds of conventional methods. In drawing 3 thru/or 
drawing 5 , (a) is the case of record processing and (b) is the case of regeneration. Altogether, it is 
the approach of recording an information bit train (Ih, {lh=0orl }). 

[0029] Drawing 4 is the approach of making "**" of a pixel, and "dark" corresponding to "1 " of a 
bit, and "0", and "1" of a bit and "0" are judged by whether there to be than a certain slice level (V), 
or more amounts of diffracted lights are few at the time of playback. Drawing 5 is the approach of 
measuring the adjacent pixel and making "light and darkness" and "****" corresponding to "1" of a 
bit, and "0." 

[0030] As shown in drawing 3 , in a 2-dimensional space optical modulator, the record and 
regeneration by the coding approach of this operation gestalt (example) express the condition of the 
pixel which exists in the i-th line j-th train as Sij, and sets to Sij=0 the condition of not penetrating 
Sij=l light for the condition of penetrating light. Image formation of body light or the diffracted light 
is carried out on CCD 12 after penetrating a lens and a record medium. The pixel of the 2- 
dimensional space optical modulator by which image formation was carried out on CCD 12 does not 
necessarily need to be the pixel and the same size of CCD 12, and the integral multiple of the pixel of 
CCD 1 2 should just be the pixel size of a 2-dimensional space optical modulator. 
[003 1] In the case of playback, it calculates by making the group of the pixel of CCD 12 
corresponding to the pixel (Sij) of a 2-dimensional space optical modulator into one unit (Cij). Here, 
pixel ijk address {1 <=k<=m:k of CCD12 and m are [0032], when setting to Cijk luminous intensity 
which the pixel of an ijk address receives noting that image formation of the real image of the pixel 
(Sij) of a 2-dimensional space optical modulator is carried out to integer}. 
[Equation 1] 

m 

[0033] A definition is given. A 2-dimensional space modulator consists of a MxN pixel, and M and 
N presuppose that the number is even. 

[0034] In addition, it is shown that ":=" in a flow chart substitutes the right-hand side for left part, 
and max (al , a2, a3, a4) presupposes that it is the function which returns the address of the variable 
which has the greatest value in a variable {al, a2, a3, a4}. 

[0035] By the coding approach shown in drawing 4 , a judgment of a bit of "0" and "1" is made by 
"Cij>V?", and it is brittle to the nonuniformity between pages of diffraction efficiency, or the 
nonuniformity in a page, the difference shown in drawing 5 — by the code method, it has judged by 
"Cij>Ci +1, j?", and is tolerant to the above-mentioned diffraction-efficiency nonuniformity. 
approach drawing 3 of this invention — "max (Cij, Ci+1, f and Ci, j+1, Ci+1, j+1)" — a decision 
criterion — becoming — the difference of drawing 5 — it is tolerant to the code method, and 
comparable and diffraction-efficiency nonuniformity. in order that the amount of optical incidence to 
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the record medium at the time of record may furthermore end. in the one half of drawing 5 in the case 
of this invention — the diffraction-efficiency reduction at the time of a noise or multiplex record — 
being related — difference — it is in dominance to the code method. 

[0036] As mentioned above, although invention made by this invention person was concretely 
explained based on said operation gestalt, as for this invention, it is needless to say for it to be able to 
change variously in the range which is not limited to said operation gestalt and does not deviate from 
the summary. 
[0037] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0038] (1) using the two-dimensional coding that only one part penetrates light among four parts — 
difference — the quantity of light which record takes can be held down to one half, without spoiling 
the resistance over the nonuniformity between pages, and the nonuniformity in a page compared 
with the code method. 

[0039] (2) The elimination effectiveness of the recorded page at the time of multiplex record can be 
suppressed in one half, and when diffraction efficiency is the limiting factor of the multiplicity of a 
hologram, it becomes possible to increase a multiplicity. 

[0040] (3) although the scattered light and the non-scattered light interfere and a record image is 
overlapped on it as a noise when dispersion factors, such as a micro distortion and a blemish, are in a 
record medium since body light is coherent, noise reinforcement is proportional to the total quantity 
of light of body light — receiving — a signal — the diffracted-light reinforcement of each part — it is — 
difference — since it is the same as the code method, a signal-noise ratio can also be improved by 
two times. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the minimum pattern of the pixel of the 2-dimensional space 
optical modulator by this invention. 

[Drawing 2] It is the mimetic diagram showing the outline configuration of the operation gestalt 
(example) of the equipment which enforces the two-dimensional coding approach for hologram 
record of this invention. 

[Drawing 3] It is the flow chart showing the coding approach of this operation gestalt (example). 
[Drawing 4] It is the flow chart showing an example of the conventional coding approach. 
[Drawing 5] It is the flow chart showing other examples of the conventional coding approach. 
[Drawing 6] the conventional difference — it is drawing for explaining the code method. 
[Description of Notations] 

1 [ - A mirror, 7 / - A beam expander, 8 / — A liquid crystal panel, 9 / — The lens of a focal distance 
f, 10 / - A record medium, 11/-- The lens of focal distance f , 12 / - 14 CCD, 19 / - A polarizer, 
17 / — A reference beam, 18 / — Body light, 20 / — A migration stage, 21 / — Rotation stage. ] — 3 
Light, 2, 5 ~ shutter, 13 — A half-wave plate, 4 — A polarization beam splitter, 6, 15, 16 



[Translation done.] 
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[Draw ing 6] 
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[Drawing 3] 
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[Translation done.] 
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